Objectives: the aim of this study is to evaluate the healing and anti-inflammatory effects of propolis in critical wound defects in rats ' buccal mucosa.
INTRODUCTION
Wound healing results from a complicated process of tissue repair to displace devitalized and missing cell structures and layers of tissue. This process is divided into four highly programmed stages: blood coagulation, inflammation, new tissue growth (proliferation) and tissue remodeling (maturation). (1) There are complex and coordinated chain of events in these phases that include chemotaxis, phagocytosis, neocollagenesis, collagen degradation, and collagen remodeling in addition to angiogenesis, epithelization, and the production of new glycosaminoglycans and proteoglycans (2, 3) .
It is technically difficult to manage certain complicated wounds, such as diabetic, chronic, infected, burnt and large wound defects. The cure of these wounds is a difficult situation and enters a state of pathological inflammation due to a postponed, incomplete or uncoordinated cure process. (4, 5) Pro-inflammatory cytokine IL-1 ß,IL-6and TNF-α are released early in the wound healing process by immune cells and influence keratinocytes and fibroblasts to stimulate tissue deposition and epithelization (6, 7) . Persistent inflammation was directly linked to delayed healing and wound chronicity (8) , high levels of these cytokines are found in complicated wounds that lead to fibroblast apoptosis and extracellular degradation of the matrix. (9) . Vimentin has developed in many different tissues and cell types as a critical regulator for the wound healing process. This protein has been shown to serve as a signaling integrator for tissue regeneration and cure (10) . Vimentin is a defining feature of a resident mesenchymal "repair" cell population, located in niches in the cells of the epithelium of the lens equatorial. This mesenchymal cell population is activated on wounding to immediately migrate to and populate the leading edge of the injured epithelium. (11, 12) The proper tensile strength and biomechanical properties of wounds depend on the biochemical composition of the wound during the late remodeling phases of the healing process and are primarily controlled by the collagen typeI deposited in the extracellular matrix and the balance between MMPs and their tissue inhibitors. (13, 14) . Type I collagen, an important extracellular matrix, not only gives the tissue matrix strength and integrity, but also plays an important role in homeostasis and epithelization during wound healing. (15) Reduced collagen deposition was reported as a delayed wound healing mechanism as shown by low levels of hydroxyproline in the presence of normal collagenase activity in complicated wounds (16) . Increased levels of collagen type III compared to collagen type I also affect the delayed wound healing (17) . During wound healing, the presence of MMPs is required early to stimulate the mobilization of keratinocytes and to activate the precursors of different inflammatory mediators and growth factors (14) . Excessive and prolonged expression of MMP in later stages of wound healing is detrimental (18) When TGF-ß ligand binds to serine / threonin receptors, the kinase activity Smad 2 and Smad 3 become phosphorylated, causing them to bind to Smad 4 and move to the nucleus, where they control the expression of TGF-ß target genes. (19) . TGF-ß is responsible for the chemotaxis of inflammatory and immune cells to the wound site and also stimulates extracellular matrix deposition and granulation tissue formation. TGF-ß supports the epithelization of wounds by stimulating keratinocyte proliferation. (20) Propolis is a natural honeybee product (bee glue). The extract is a complicated natural mixture of substances. It includes amino acids, phenolic acids, esters of phenolic acid, flavonoids, cinnamic acid and caffeic acid. Propolis has various biological and pharmacological properties; antibacterial, antifungal, anti-inflammatory, antioxidant, immunomodulatory, antiviral and anti-carcinogenic. (21, 22) The use of propolis dates back to ancient times, at least 300 BC, and was used in many parts of the world as a medicine for internal and external uses. The use of propolis for its general healing qualities was reported by Egyptians, Greeks and Romans. Ancient Egyptians used it to embalm their dead. It was later used in healing during the Boer War (23) . Propolis has been used empirically for centuries and it has several biological applications including acceleration of regenerating processes in the damaged cartilages and bones (24) , Since propolis has these various biological properties, the aim of this study is to evaluate the healing and antiinflammatory effects of propolis in critical wound defects in rats ' buccal mucosa.
MATERIALS AND METHODS

Chemicals
Raw propolis: it was bought from the beekeeper who collects these resinous materials by scraping from bee hives. They put them in the refrigerator until they get hard enough to powder. A sample of propolis extract has been prepared and used in this study, as described by Bogdanov (25) .The propolis powder was extracted with 80% ethanol (30% propolis solution was used). This mixture was allowed to stand for 10 days at room temperature, with periodic agitation several times each day. At the end of 10 days, the mixture was filtered through filter paper. For the base of the cream, Vaseline and lanolin in a proportion of 9:1 was used. For 100 g of this base, 20 ml of 30% propolis ethanol extract was used for preparation of 6% propolis cream. Then, warming up of the base in a water bath (at about 40-50°C) and adding propolis extract were performed. While stirring, evaporation of ethanol was performed by boiling. Thereafter, the warm cream was sieved and packed in a dark, tightly closed cream box.
This mixture was allowed to stand at room temperature for 10 days, with periodic agitation several times a day. The mixture was filtered through filter paper at the end of the 10 days. Vaseline and lanolin in a proportion of 9:1 were used for the base of the cream. For 100 g of this base, 20 ml of 30% ethanol propolis extract has been used to prepare 6% propolis cream. Then, the base was heated in a water bath (at about 40-50 ° C) and the propolis extract was added. Evaporation of ethanol was performed by boiling while stirring. The warm cream was then sieved and packed into a dark, tightly closed cream box.
Animals 20 adult male albino rats of average weight 150-250 grams were used from the Animal House (Faculty of Medicine, Cairo University, Egypt). Rats were housed in stainless-steel cages, 5 rats per cage. All rats were maintained on basic diet of regular rat chow and distilled water adlibitum. Rats were divided into 2 groups Group I: consists of 10 rats, which were subdivided into 2 sub groups Sub Group I A: consists of 5 rats, the wounds were left un treated for 3 days Sub Group I B: consists of 5 rats, the wounds were left un treated for 7 days Group II: Consists of 10 rats which were subdivided into 2 sub groups Sub Group II A: consists of 5 rats, the wounds were treated with propolis for 3 days Sub Group II B: consists of 5 rats, the wounds were treated with propolis for 7 days
Rat excision wound model
All animals were anesthetized through intramuscular injection with a mixture of 13 mg / kg xylazine (2 percent) and 33 mg / kg ketamine. The cheek was pulled after anesthesia and a wound was induced opposite the premolar area using a sterile punch biopsy instrument (4 mm diameter) limited to mucosal tissues. All wounds were left undressed and were cleaned daily with normal saline in all the groups. The wounds in group II were treated with propolis cream, topically once daily after cleaning for a period of 3 days and 7 days
Sample collection
After 3 and 7 days of treatment the animals were euthanized with cervical dislocation. The buccal mucosa containing the wound induced has been dissected. Each wound was excised and about 2 mm of intact mucosa was maintained around the marked lesion. Then fixed in a solution of 10 percent formalin and submitted to routine laboratory studies after sectioning with a thickness of 4 μ. Samples were stained with hematoxyline and eosin, Toluidine blue for the detection of mast cells that should stain red-purple , and immunohistochemically tested with Vimentin. This monoclonal antibody reacts with the intermediate filament protein in mesenchymal cells.
Histomorphometric analysis:
Using the image analyzer computer system ( Leica Qwin 500C; Leica, England, UK). Inflammatory cells were counted in H&E sections. In addition, the intensity of Vimentin immune expression in highpower non-overlapping fields was measured.
Statistical analysis:
Data were presented as Mean, Standard deviation (SD) values. Data were explored for normality using Kolmogorov-Smirnov and Shapiro-Wilk tests. Values of inflammatory cell counts followed normal distribution, while those of Vimentin area weren't normally distributed so a log transformation was made to allow the use of parametric tests for the analysis. One-way ANOVA test followed by Tukey's post hoc test was used for the statistical analysis. The significance level was set at P ≤ 0.05. Statistical analysis was performed with IBM® SPSS® Statistics Version 25 for Windows.
RESULTS
Histological results
Regarding H&E stain evaluation, it was found that After 3 days, sub group IA showed incomplete epithelial rim covering the wound lesion. The sub epithelial connective tissue showed numerous scattered inflammatory cell infiltrations . While in sub group II A the newly formed epithelial lining appeared in a form of thin continuous layer of basal and parabasal cells that cover all the wound lesion with less inflammatory cell infiltrates in the underlying connective tissue was observed. After 7 days, the newly formed covering epithelium in the sub group IB is continuous and thin . The subepithelial connective tissue revealed some inflammatory cells. In sub group IIB, the wound was completely covered with hyperkeratotic acanthotic epithelium. The subepithelial connective tissue in showed fewer inflammatory cells compared to the sub group IB (Fig. 1) 
Histolochemical results
Regarding Tolouidine blue stain evaluation, it was found that After 3 days, sub group IA showed numerous sub epithelial mast cells while sub group II A showed less number of mast cells. After 7 days sub group II B showed very few number while sub group I B still has large number of mast cells (Fig 2) 
Immuno-histolochemical results
Immunohistochemical labeling of vimentin in sub groups II A and B is very high resulting in re epithelization, fibroblast proliferation and collagen formation while less immunohistochemical labeling of vimentin in sub groups I A and B as a result of that the rate of wound healing is slower. (Fig 3) 
IV Histo morphometrical and statistical results
Mean, Standard deviation (SD) values of bacterial cell count and log transformation of the area of Vimentin (pp 2 ) for different subgroups were presented in table (1) and figures (4, 5)
Inflammatory cell count
There was a significant difference between the count of inflammatory cells in different subgroups (P<0.001). The highest (mean±SD) value was found in subgroup (IA) (96.40±10.21), followed by sub groups (IIA) (49.40±7.50) and (IB) (40.20±9.57) while the lowest value was found in (IIB) (20.40±4.87). Pairwise comparison showed bacterial cell count of subgroups (IB) and (IIA) to be significantly different from that of other subgroups (P<0.001).
Vimentin area
There was a significant difference between the area of Vimentin in different groups (P<0.001). The highest (mean±SD) value was found in subgroup (IIB) (5.12±0.01), followed by sub groups (IB) (5.06±0.03) and (IIA) (4.84±0.005) while the lowest value was found in (IA) (4.71±0.02). Pairwise comparison showed subgroups (IB) and (IIB) to be significantly different from other subgroups (P<0.001). 
DISCUSSION
Wound healing is a complex process involving the interaction of different cell types in the injured tissue, including inflammatory cells, keratinocytes, fibroblasts and endothelial cells. (26) Wound healing is a natural reaction of the body that starts promptly after injury and takes place in four stages, including coagulation, inflammation, re-epithelization and remodeling. (27) Since non-healing wounds are a big and growing problem, several treatments have been applied to improve the healing of wounds, but many of them did not cause any response in the wounds. Therefore, there is an ongoing need to develop agents that speed up the cure of acute and chronic injuries and ulcers and regenerate damaged tissue.
The ideal topical wound treatment product must be biocompatible, non-toxic and can improve healing without adverse effects on the advancement of the natural wound healing process. (28) The aim of this study was to evaluate Propolis healing potential as a topical treatment method for surgically induced wound on the buccal mucosa of rats. In the current study rats are commonly used in relation to other animals because of their low cost, easy manipulation and similarity between the oral mucosa of rats and humans; the oral epithelium of rats is essentially composed of surface epithelial tissue and subjacent connective tissue (29) .
Propolis has attracted the interest of researchers in recent decades due to various biological and pharmacological properties. Propolis is therefore at (p ≤ 0.05) .
Different superscript letters indicate a statistically significant difference between means within the same row. *; Significant
a natural product with useful biological properties and no side effects recorded. Regarding the chemical composition of propolis used in this study, flavonoids were the main components of propolis which greatly contribute to the pharmacological activities of propolis. Flavonoids have a wide variety of biological activities, including anti-inflammatory, antibacterial and anti-viral effects. In addition, the propolis used contained phenylpropanoids, terpenoids, stilbenes, lignans, coumarins and their derivatives. Terpenoids accounted for 10% of the propolis and have antioxidant and antimicrobial effects. In addition, the propolis used contained large amounts of caffeic acid phenethyl ester (CAPE), 3-methylbut-2-enyl caffeate, isopentyl ferulate and moronic acid (30, 31) .
The current study evaluated the healing process three and seven days after the induction of the wound. Literature reviews indicate that these time slots were the most commonly used to monitor tissue changes during wound healing (32, 33) .
Histological examination of the specimens of subgroup I A Three days after wound induction revealed the infiltration of heavy inflammatory cells in the sub-epithelial connective tissues. These results have been in line with Hashemipour et al's work. (33) where the polymorphonuclear leucocyte (PMNL) cell infiltrates recorded the highest inflammation score in the control group on the second day.
In the present study, the histological examination of the propolis-treated wound lesion showed less inflammatory cells in the connective tissue under the wound after three days. Since Propolis has different anti-inflammatory substances that suppress the synthesis of prostaglandins and leukotrienes and the activity of myeloperoxidase, NADPH-oxidase, ornithine decarboxylase and tyrosine protein kinase (34) (35) (36) . These findings were in agreement with Martin et al (37) who reported few neutrophils within 24 and 48 hours in response to silver nitrate-induced corneal ulcer in rats that were topically treated with Brazilian propolis with one percent micro-emulsion.
Seven days after wound induction, subgroup I B healing was obtained by epithelium regeneration; wounds were covered with a thin epithelium layer. The intensive inflammation of the underlying lamina propria decreased with the presence of few inflammatory cells. These results were consistent with Fahim et al. (38) who created a circular wound of 3.0 mm diameter on the buccal mucosa of rats. On post-wound day 7, they observed a significant increase in the thickness of the regenerating epithelium with fibroblasts, collagen fibers, blood vessels and inflammatory cells in the underlying lamina propria.
Various degenerative processes and diseases have involved oxidative stress. Propolis had antioxidant properties, mainly depending on the flavonoid content. It also induced antioxidant enzymes like catalase and superoxide dismutase to be activated against free radicals (39) . Flavonoids in propolis are potent antioxidants, capable of scavenging free radicals and thus protecting the cell membrane from lipid peroxidation, which helps in wound healing (40, 41) .
Histological samples of propolis showed the closure of the wound with a reorganized epithelial layer in which epithelial cells showed a few mitotic figures in the present study after 7 days. The presence of fibroblasts and organized collagen fibers in the completely reconstructed lamina proporia with less inflammatory cells was recognized. According to these findings, propolis stimulates cell proliferation and tissue repair. These results were supported by Berretta et al. (42) who used puncture wounded skin wistar rats to evaluate the propolis wound healing properties. Seven days after the injury, they reported epithelization, and the collagen fibers were completely reconstituted.
In the current study by counting the subepithelial inflammatory cells we found that there was a significant difference between the count of inflammatory cells in different subgroups (P<0.001).
The highest (mean±SD) value was found in subgroup (IA) (96.40±10.21), followed by sub groups (IIA) (49.40±7.50) and (IB) (40.20±9.57) while the lowest value was found in (IIB) (20.40±4.87). Pairwise comparison showed bacterial cell count of subgroups (IB) and (IIA) to be significantly different from that of other subgroups (P<0.001).
In all phases of wound healing, mast cells play important roles. Mast cells accumulate at the wound edges after tissue injury and release vasoactive mediators such as histamine, proteases, tumor necrosis factor (TNF) and arachidonic acid metabolites (43) (44) (45) which can cause vasodilation and enhance vascular permeability.
Propolis topical application can reduce the number of mast cells and this effect accelerates the healing process and has a high potential for wound healing. Propolis causes a significant reduction in mast cells in the surgical wound during the acute inflammatory phase, the phenethyl ester of caffeic acid and other active compounds in propolis may be responsible for this action. (46) . The phenethyl ester of caffeic acid is an active component of propolis and can reduce the release of histamine and the production of inflammatory cytokines in the healing tissue (47, 48) .
Histochemical examination of specimens in subgroup I A Three days after wound induction showed a higher number of mast cells in the subepithelial connective tissues than in subgroup II A, as propolis treatment affected the number of mast cells After 7 days of propolis treatment, the number of mast cells decreased dramatically while the untreated wounds still had numerous sub-epithelial mast cells, these results were supported by a study conducted by Nader who found that IgE-induced immediate allergic reaction was attenuated by caffeic acid phenethyl ester. (48) In this study, we have found that vimentin directly coordinates four cellular activities that are essential in controlling wound healing: proliferation of fibroblasts, collagen accumulation, trans-differentiation of keratinocytes and reepithelialisation. Many studies have shown that Vimentin-deficient wounds are noticeably collagenfree, apparently as a direct consequence of the severe inhibition of proliferation and expansion of fibroblast (49) (50) (51) . A study by Challa and Stefanovic showed that vimentin can contribute to the posttranscriptional regulation of collagen expression (52) In the present study, Vimetin's expression in subgroup IIA was higher than in subgroup IA. Vimentin promotes proliferation of fibroblast, accumulation of collagen and re-epithelization. The wound was completely closed in subgroup II A, while the wound was still not covered in subgroup I A, the healing process in subgroup II B was completed, as a result, the expression of Vimentin was increased. These results were supported by Chen et al (53) Who stated that Vimentin coordinated fibroblast proliferation and keratinocyte differentiation in wound healing.
These findings were supported histomorphometrically and statistically as there was a significant difference between the area of Vimentin in different groups (P<0.001). The highest (mean±SD) value was found in subgroup (IIB) (5.12±0.01), followed by sub groups (IB) (5.06±0.03) and (IIA) (4.84±0.005) while the lowest value was found in (IA) (4.71±0.02). Pairwise comparison showed subgroups (IB) and (IIB) to be significantly different from other subgroups (P<0.001).
CONCLUSION
Propolis could improve wound healing by stimulating the proliferation of epithelial cells; and fibroblast proliferation, thus improving wound closure and decreasing inflammation (as prolonged inflammation and the release of inflammatory cytokines could cause tissue damage).
